PHARMACOL BIOCHEM BEHAV 43{2) S49-S61, 1992.-Experimental and clinical studies indicate that clinical depression may be associated with disturbances of circadian rhythms. To explore the interaction between circadian rhythmicity, behavioral state, and monoaminergic systems, the present study investigated the effects of chronic administration and withdrawal of the following antidepressant agents on circadian wheel-running rhythms of laboratory rats: a) moclobemide, a reversible and selective monoamine oxidase (MAO) type A inhibitor; b) Ro 19-6327, a selective MAO type B inhibitor; c) desipramine, a preferential norepinephrine reuptalce inhibitor; d) clomipramine and e) fluoxetine, both serotonin reuptake inhibitors; and f) levoprotillne, an atypical antidepressant whose biochemical mechanism is still unknown. Wheel-running activity rhythms were studied in three inbred strains of laboratory rats (ACI, BH, LEW) under constant darkness (DD). Two of these inbred strains (BH and LEW) show proround abnormalities in their circadian activity rhythms, namely, a reduced overall level of activity and bimodal or multimodal activity patterns. Chronic treatment with moclobemide and desipramine consistently increased the overall level, as well as the circadian amplitude, of the activity rhythm. Furthermore, the abnormal activity pattern of the LEW strain was changed into a unimodal activity pattern like that of other laboratory rats. The free-running period r was slightly shortened by moclobemide and dramatically shonened by desipramine. Effects of moclobemide and desipramine treatment on overall activity level and duration were reversed shortly after termination of treatment, whereas long aftereffects were observed for the free-running period. All other substances tested had no systematic effects on the activity rhythms of any of the strains. The fact that moclobemide and desipramine altered the period, amplitude, and pattern of circadian activity rhythms is consistent with the hypothesis that monoaminergic transmitters play a significant role in the neuronal control of behavioral state and circadian rhythmicity. Although the present study found that some antidepressives affect parameters of circadian rhythmicity, it could not demonstrate a common effect of all classes of antidepressives.
IT has often been suggested that there is an association between the pathophysiology of affective disorders and disturbances of circadian rhythms. For example, studies in humans have shown that affective disorders are associated with abnormalities in the period, phase, and/or amplitude of physiological, behavioral, and endocrine rhythms, resulting in quite a number of different hypotheses on the chronobiology of depression (16, 18, 20, 39, 41) . Special attention has been paid to the observation that many circadian rhythms, including the circadian rhythm of rapid eye movement (REM) sleep and deep body temperature, are phase advanced in depressed patients compared to controls (12,27 ,42,43) .
According to the current knowledge about how circadian rhythms are generated and entrained (28) , an abnormally advanced phase position of circadian rhythms could result from: a) an abnormally short period r of the underlying circadian pacemaker; b) an abnormal phase coupling between the intrinsic pacemaker and entraining signals such as the light-dark 549 cycle; and c) an abnormal phase coupling between the circadian pacemaker and overt behavioral and physiological rhythms.
In this context, it is of special significance that various antidepressant drugs can slow and delay circadian rhythms in animals [for reviews, see (8, 43) ]. Lithium, the first and most extensively studied psychoactive drug, lengthens the freerunning rhythm and delays the phase position in a variety of species, including marine algae, higher plants, insects, mammals, and humans [for summaries, see (8, 43, 44) ). Other antidepressant drugs that lengthen or phase delay circadian rhythms in mammals are clorgyline (7 ,25,37 ,45) , a monoamine oxidase (MAO) type A inhibitor, pargyline (30, 42) , a mixed MAO type A and B inhibitor, and imipramine (13, 25, 43) , a tricyclic monoamine reuptake inhibitor. However, the period-lengthening effect of imipramine seems less robust than that of clorgyline (2, 8, 36, 45) . In general, results of these and other studies have been interpreted to the effect 32 32 that these drugs slow the mammalian circadian pacemaker. However, some studies reported additional effects such as dissociation (45) and splitting (19) of circadian rhythms, while others found no effect of antidepressant drugs on the circadian period at all (2, 29, 36) . It should be noted that almost all these investigations examined the effects of psychoactive drugs on animals such as golden hamsters or laboratory rats that have "normal" circadian rhythms rather than "abnormal" rhythms that might be more representative of clinical depression. To my knowledge, there is only one study that demonstrates how chronic antidepressant administration can reestablish a normal phase position in animals with a phase-advanced activity rhythm caused by complete social isolation (13) .
To account for this deficiency, this study used two commonly available inbred strains, BH and LEW, of laboratory rats with genetically fixed differences in circadian rhythm parameters (46) (47) (48) . These strains have rather unusual activity patterns that may be caused by multiple circadian oscillators coupled to each other with a phase relationship of 4-6 h (34, (46) (47) (48) . The goal of the study was to investigate the effects of various antidepressant drugs on the circadian wheelrunning rhythms of the two strains compared to strain ACI, which shows an activity pattern found in most laboratory rats. In a chronic drug administration protocol, the major types of drugs used to treat affective disorders were tested: a) moclobe· mide, a reversible and highly selective type A MAO inhibitor (4, 5) ; b) Ro 19-6327, a selective type 8 MAO inhibitor (14) ; c) desipramine, a tricyclic preferential norepinephrine reuptake inhibitor (17, 21) ; d) clomipramine, a tricyclic preferential serotonin reuptake inhibitor (49); e) fluoxetine, a nontricyclic selective serotonin reuptake inhibitor (l I ,17 ,49); and f) levoprotiline, the (-)-enantiomer of oxaprotiline with an unknown biochemical mechanism (6, 21) .
MBTHOD

Animals and Housing
Male rats of the inbred strains ACI/Ztm (agouti), BH/ Ztm (black hooded), and LEW /Ztm (albino), originally obtained from the central animal laboratory at the Hanover Medical School (Germany), were bred and raised in our laboratory under controlled environmental conditions (12 L: 12 D cycle, lights on at 0700 h, room temperature 22 ± 1 °C}. For each experiment six littermates of each strain, to-12 weeks old, were singly housed in cages (Makrolon [Becker, CastropRatixel, Germany] Type IV, 35 x 55 x 10 em) equipped with a running wheel (diameter 35 em, width 10 em). Groups of 551 four running wheel cages each were housed within ventilated, light-tight, stainless steel compartments. Wheel-running activity was monitored under constant dark conditions (DD) for 6-8 weeks. Animals had free access to the running wheel; food and water were supplied ad lib. Animals were checked once per week at irregular times during their subjective night, that is, during their active phase, using an infrared light viewer (FJW Optical Systems, Inc., Palatine, IL). At these occasions, remaining food was weighed, food and water were replenished, and cages were changed if necessary.
Data Collection and Anolysis
Three magnetic reed switches were mounted on each running wheel axle so that one complete wheel revolution resulted in three impulses. The number of impulses per 5-min interval was recorded continuously by a microcomputer (Apple II+). All subsequent calculations were based on these 5-min counts.
Periods r of the free-running circadian rhythm were estimated using the x 2 periodogram (35). Harmonic spectral analysis (15, 26) was used to verify the presence of characteristic frequencies in the data. Further details of the statistical models underlying these two approaches are described elsewhere (46, 47) .
Additional parameters calculated from the activity recordings include: a) overall level of activity, defined as total number of counts over a 24-h period given in impulses/day; b) duration of wheel-running activity, defmed as total length of all 5-min intervals within 24 h containing more than 5 impulses given in min/day. In all experiments, differences between strains and pharmacological treatments were evaluated by two-way analyses of variance (ANOV As) for repeated measurements, followed by Tukey's multiple /-test for individual mean comparisons. Pearson's r was used for expressing correlations.
Procedures
Separate experiments were conducted for each of the six substances. In each experiment, five to six animals of each strain were recorded. After 14 days of free-running baseline conditions, the following antidepressant agents were administered for 14 days: moclobemide, Ro 19-6327, desipramine, clomipramine (all supplied by F. Hoffman-La Roche Ltd., Basel, Switzerland), fluoxetine (supplied by Lilly, Indianapolis, IN), and levoprotiline (supplied by CIBA-GEIGY Ltd., Basel, Switzerland). After 14 days, drug treatment was terminated and the recording was continued for 2 more weeks with normal food. The antidepressants were administered ad lib in food mixtures prepared by KLIW A. The mixtures were identical to the standard powdered diet used during baseline and withdrawal conditions except they contained the following concentrations of antidepressants per kg food: moclobemide, 300 mg/kg; Ro 19-6327, 40 mg!kg; desipramine, 375 mg/kg; clomipramine, 450 mg/kg; fluoxetine, 152 mg/kg; levoprotiline, 450 mg/kg. Assuming a daily food intake of approximately 20 g for a rat of 300 g body weight, these food mixtures produced an average daily drug intake per kg body weight of 20 mg moclobemide, 2.5 mg Ro 19-6327,25 mg desipramine, 30 mg clomipramine, 10 mg fluoxetine, and 30 mg levoprotiline. These doses bad been found to be most effective for chronical treatment of rats (personal communications with F. Hoffman-La Roche Ltd., Lilly, and CIBA-GEIGY Ltd.). The powdered food was provided in a glass jar braced against the cage with a wire spring. Food intake was measured every week and body weight every 2 weeks during the regular checks of animals. Statistical parameters of the wheel-running rhythms were computed for each of the following three conditions: baseline (days 1-14), drug treatment (days [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] , and drug withdrawal (days 29-42).
RESULTS
Body Weight and Food Consumption
Measurements of body weight and food consumption are summarized in Table 1 . Repeated-measures ANOV A indicated significant differences between body weights of the three strains, with animals of the ACI strain being generally lighter than animals of the BH and LEW strains. In all six experiments, drug treatment (days [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] caused a temporary halt in the otherwise continuous increase in body weight, and sometimes even a decrease, for example, in the ACI strain under Ro 19-6327, desipramine, and clomipramine treatment. However, these effects were minor and did not affect the health or well-being of animals.
Due to the strain differences in body weight, measurements of food intake were expressed with respect to body weight. As could be expected from the interruption in body weight gain,
e ACI food intake was reduced mostly during drug treatment. The only substance to slightly increase food intake in all three strains was Ro 19-6327. Food intake data were used to estimate the average daily uptake rates of antidepressant agents summarized in Table 2 . Average uptake rates were well within the expected range for moclobemide (20 mglkg), Ro 19-6327 (2.5 mg!kg), desipramine (25 mg/kg), fluoxetine (10 mglkg), and levoprotiline (30 mglkg). Only in the case of clomipramine was food intake dramatically reduced, resulting in an average drug intake of less than the expected rate of 30 mg/ kg.
Strain Differences in Wheel-Running Activity
Characteristic activity recordings from the various antidepressant treatments are shown in Figs. la-lf, where each recording represents one animal of a particular strain. During baseline conditions, all animals displayed clear free-running rhythms. As expected, the circadian pattern of wheel-running activity was highly strain dependent. Strain ACI exhibited the strongest activity rhythm characterized by a high activity level and well-defined activity onsets and offsets. Strain BH showed a weaker activity rhythm with blurred onsets and offsets and expanded times of activity. The activity pattern of the LEW strain was characterized by two, sometimes three, short activity bouts about 4-5 h apart. When analyzed with the harmonic spectral analysis and the periodogram, characteristic frequencies were detected for each of the three strains. Periodogram analyses of the activity pattern of strain ACI revealed an average circadian period of 1' = 24 h 22 min during baseline conditions, whereas the free-running periods 1' = 24 h 1 5 min of strain BH and 1' = 24 h S min of strain LEW were generally shorter. BH and LEW rats were characterized by additional 554 WOLLNIK *Differences between strains, pharmacological treatments, and strain-treatment interactions were assessed using standard procedures of ANOV A (two-way ANOV A for repeated measurements). Compansons of baseline (B), tratment (T), and withdrawal (W) conditions were performed usmg Tukey's multiple r-test. ns, not significant. For methods and notations, see Table 3 .
rhythmic components of approximately 12 and 6 h and 4.8 and 4 h, respectively.
Effects of Antidepressants on Circadian Rhythms
Of the antidepressant agents tested, only two, moclobemide and desipramine, clearly affected parameters of circadian wheel running activity (Figs. la-lt) . The effects of drug treatment on the overall level and duration of activity are summarized in Table 3 .
Chronic treatment with moclobemide induced significant changes in the overall level, F(2, 45) = 5.9, p < 0.01, and duration of activity, F(2, 45) = 5.2, p < 0.01, in all three strains. Tukey's multiple /-test revealed a significant increase in the overall level and duration of activity during moclobemide treatment compared to both baseline and withdrawal conditions and no significant differences between baseline and withdrawal. Figures 2a-2f illustrate the average waveform of circadian activity and pooled power spectra of each strain during baseline condition, moclobemide treatment, and withdrawal. In all three strains, moclobemide treatment resulted in an increase of the amplitude of the circadian waveform. In the power spectrum analysis, this is expressed by an increase of the 24-h peak. In addition, moclobemide treatment altered the pattern of activity in the LEW strain. As shown in Fig.  2e , moclobemide treatment changed the characteristic multimodal activity pattern of the LEW strain during baseline conditions into a unimodal activity pattern similar to that of the control strain ACL Trus effect disappeared after terminating the treatment. Power spectrum analysis confirmed these findings (Fig. 2f) . The amplitude of the 24-h peak was increased during moclobemide treatment, whereas the characteristic peaks at 4 and 4.8 h were reduced to nonsignificant levels.
Results for free-running period are summarized in Table 4 . Two-way ANOV A revealed significant strain differences, F(2, 45) = 20.8, p < 0.01, as well as significant effects of treatment, F(2, 45) = 14.8, p < 0.01. Multiple t-test comparisons revealed a small but significant shortening (8 min) of the freerunning period during moclobemide treatment. However, this effect was not reversed during withdrawal.
Total drug intake over the 2 weeks of moclobemide treatment was not significantly correlated with moclobemideinduced alterations in any of the circadian parameters measured. Furthermore, when evaluating the data for possible relationships between baseline values and treatment-induced alterations no significant pairwise correlations could be detected between baseline values and treatment effe.cts for either overall activity level, duration, or free-running period.
Desipramine had even more dramatic effects on the circadian wheel-running rhythm of all three strains than moclobemide (Figs. lc and 3) . Desipramine treatment caused a significant increase in the overall level, F(2, 45) = 8.6, p < 0.01, and duration of activity, F(2, 45) = 14.7, p < 0.01 (Table   3 ). Total drug intake over the 2 weeks of desipramine treatment was positively correlated with drug-induced changes in overall level (r = 0.77, p < 0.01) and duration (r = 0.75, p < 0.01) of activity. No significant correlation could be detected between baseline values and desipramine-induced effects for any of the circadian parameters tested. Similar to moclobemide, desipramine treatment affected the average pattern of circadian activity in all three strains. In ACI and LEW strains, the amplitude of the 24-h peak was increased during desipramine treatment, although this increase did not prove significant (Figs. 3b and 3f) . The effect of desipramine treatment was most pronounced for the multimodal activity pattern of the LEW strain. As shown in Fig. 3e 557 558 treatment of LEW rats resulted in a unimodal activity pattern similar to that seen in ACI rats during baseline and withdrawal condition. Power spectrum analyses conf1rmed these results (Fig. 3f) . The characteristic peaks at 4.8 and 4 h detected during baseline and withdrawal were completely absent during desipramine treatment. Furthermore, desipramine treatment clearly affected the free-running period of all three strains (Fig. lc and Table 4 ). ANOVA revealed a significant shortening of r during desipramine treatment (ACI tu = -5 min; BH AT = -20 min; LEW Ar = -13 min). Remarkably, this effect persisted during the first 2 weeks of withdrawal. Because the experiment was terminated after 42 days, it is not known whether the shortening of r would have returned to baseline values after a longer period of drug withdrawal.
All other substances tested, that is, Ro 19-6327, clomipramine, fluoxetine, and levoprotiline, failed to induce systematic changes in the circadian wheel-running rhythm of all of the three strains (Figs. I b and ld-f) . Repeated two-way ANOV A revealed significant changes only during levoprotiline treatment, where a small increase in the overall level and duration of activity was found (Table 3) .
DISCUSSION
This study investigated the effects of various clinically effective antidepressants on circadian activity rhythms in specific inbred strains of laboratory rats. The objective was to possibly identify effects common to all of them. Of the six substances tested, only two, moclobemide and desipramine, induced significant changes in parameters of wheel-running activity. Both agents increased the overall level, as well as the duration, of activity. Although these effects were observed in all three strains, they were most pronounced in the LEW strain, which had the lowest activity level and the shortest duration of activity during baseline conditions. Furthermore, both agents affected the activity pattern of LEW rats, changing the rather unusual multimodal pattern into the unimodal pattern normally seen in laboratory rats. Specifically, the characteristic periodic components of 4 and 4.8 h were absent during treatment.
Moclobemide and desipramine also induced a shortening of the free-running period. From what is presently known, a shortening of the free-running period of the circadian pacemaker causes an advance of the phase position of entrained rhythms (28) . A recent investigation (3) of desipramine treatment in rats (also administered via food; however, in a twofold concentration compared to the present study) indeed showed a phase advance ( + 70 min) of the temperature rhythm under LD entrainment, supporting our finding that desipramine affects the period of the circadian pacemaker. Moreover, the study also failed to demonstrate an effect of clomipramine (again given in a twofold concentration) on the phase of temperature rhythms, consistent with our finding that clomipramine does not affect the free-running period.
However, there are also a few incongruencies that need to be discussed. First, in the present study the period shortening during desipramine and moclobemide treatment was not reversed during withdrawal conditions. Whether or not these period changes were due to other effects, for example, aging of animals, could have been clarified by including a nontreatment control group to monitor the extent of spontaneous changes in the period. However, because no such changes were observed for the other ineffective antidepressant agents, WOLLNIK which could thus be regarded as controls, the penod shortening appears to be a true effect of the drug treatment.
Second , the rather convenient procedure of drug application via food does not allow precise drug dosage because it includes the possibility of drug self-administration or food aversion due to the unfamiliar flavor or task of the food. Except in the case of Ro 19-6327, drug treatment resulted in a decline of food consumption and halt or decline of body weight, both of which returned to baseline levels after treatment te rmination. These are typical effects of flavor or task aversion. However, it seems unLikely that the changes during moclobemide and desipramine treatment were only side effects of the reduced food intake and body weight because a similar reduction was seen for other agents that did not affect circadian rhythm parameters. Nevertheless, it would be desirable to verify that the effects of moclobemide and desipramine treatment seen in the present study can be reproduced under continuous drug administration using implanted osmotic pumps.
ln the present study, Ro 19-6327, clomipramine, fluoxetine, and levoprotiline failed to have an effect on circadian wheel-running rhythms. The negative result for Ro 19-6327 could have been expected because of the positive effect of moclobemide. The enzyme MAO exists in two catalytically distinguishable forms called MAO-A and MAO-B. MAO-A prefers serotonin and norepinephrine as substrates and is selectively inhibited by moclobemide (4, 5, 32) . MAO-B preferentially deaminates phenylethylamine and benzylamine and is selectively inhibited by . Therefore, the different effects of moclobemide and Ro 19-6327 on circadian rhythms are consistent with the pharmacological profiles of these drugs. In the case of clomipramine, fluoxetine, and levoprotiline, it cannot be excluded that the negative results were due to an ineffective dosage of these substances. However, previous studies have demonstrated pharmacological effects successfully with the same dosages used m the present study. Repeated administration of 10 mg/ kg clomipramine induces a 900fo inhibition of serotonm reuptake in the rat brain with only small effects on norepinephrine and dopamine reuptake (49) . At doses of 5 and 10 mg/kg, fluoxetine, too, very selectively inhibits serotonin reuptake in the rat brain and increases extracellular serotonin concentrations 3-and 13-fold, respectively (11 ,49) . The negative results of the levoprotiline treatment are difficult to interpret because the pharmacological mechanisms of levoprotiline are still unknown. A major problem is that antidepressant-like effects have been demonstrated for the (-)-enantiomer of oxaprotiline, that is, levoprotiline, at doses between I and 30 mg/ kg, while pharmacological activities, such as selective inhibition of norepinephrine reuptake, have been found to reside in the ( + )-enantiomer (6, 21) .
Because the doses used in the present study are known to be pharmacologically effective, the negative results of Ro 19-6327, clomipramine, fluoxetine, and levoprotiline suggest that the different types of antidepressant drugs have a more selective effect on the circadian timing system than previously assumed.
The results of this study do not support the so-called phaseadvance hypothesis of depression. According to this hypothesis, disturbances of circadian rhythms in depressive patients are mterpreted as phase advanced with respect to the environmental day-night cycle (27, 39, (41) (42) (43) , and the clinical efficacy of the most widely used antidepressant drugs are due to their ability to lengthen the free-running period as well as delay the entrainment phase of circadian rhythms. However, of the six antidepressants tested in the present study only two, moclobemide and desipramine, induced significant changes in the free-ANTIDEPRESSANTS AND CLRCADIAN RHYTHMS running period. In addition, the period was shortened rather than lengthened and, what seems even more important, the eff~t was not reversed after termination of drug treatment.
The discrepancy between these results and previous findings needs further investigation. To date, most of the work on the effects of antidepressants on circadian rhythms in animals has focused on lithium, clorgyline, or imipramine, but the results are rather inconsistent (8) . Some studies found that lithium lengthens the free-running period of circadian rhythms in various species, whereas others did not [for summaries, see (8, 43, 44) ). Similarly inconsistent results have been reported for imipramine, an unspecific monoamine reuptake inhibitor. In rats, imipramine delays the phase position of many brain receptor rhythms (43) and restores abnormally phaseadvanced endocrine rhythms of isolation-stressed rats to the normal phases found in controls (13) . On the other hand, imipramine did not affect the phase position or rate of reentrainment of circadian activity rhythms in hamsters (2) , and no significant effects on the period length could be observed in rats (36) or hamsters (45) . In the case of clorgyline, an irreversible type A MAO inhibitor, a lengthening and phase delay of circadian activity rhythms have been demonstrated only in hamsters (7 ,37 ,45) , while no clear effect on the period length was found in rats (29) . One explanation for this species difference may be that the hamster brain contains more than 950Jo MAO type A (10), whereas the rat brain contains only about 60-80% MAO type A (10, 32) . It has also been suggested that timing and mode of administration may be critical to the efficacy of a drug to alter the circadian period (8) . For example, continuous infusion of lithium seems to be less effective than intermittent application via food or drinking water (8) .
Another open issue is the primary site of action of these drugs. Do they act on the circadian pacemaker itself or merely through changes in the general physiological status of the animals? So far, alterations of the free-running period have mostly been ascribed to a direct effect on the circadian pacemaker. However, in light of recent observations that behavioral arousal may produce feedback effects on the circadian pacemaker of hamsters (24, 38) changes in the free-running period may also be induced by alterations of the activity level. In the present study, moclobemide and desipramine induced an increase in the overall level of activity and a shortening of the free-running period. Estrogen, too, has been found to increase the activity level and shorten the free-running period in hamsters (23) and rats (1). Clorgyline, on the other hand, decreased the level of activity and lengthened the free-running period in hamsters (7 ,45) . Free-running periods can be affected even without any drug treatment merely by the method of the activity r~ording. For instance, access to a running wheel bas been shown to increase the level of activity and shorten the free-running period in rats (50). A negative correlation between the number of wheel revolutions and the freerunning period has also been observed in mice (9) . All these findings suggest that pharmacological agents may affect the circadian clock indirectly through an increase or decrease of the activity level. Unfortunately, even today only few investigations of pharmacological effects on circadian rhythms make use of computerized recording equipment that would allow a 559 thorough evaluation of the relationship between alterations in activity levels and the free-running period (9) .
The most important finding of the present study appears to be the restoration of a unimodal activity pattern in LEW rats by moclobemide and desipramine. Previous investigations of LEW rats suggest that the unusual activity pattern of this strain is caused by a distinct coupling of multiple circadian oscillators (34, 46, 47) . However, the neurophysiological or neurochemical mechanisms underlying the unusual activity pattern of the LEW strain are still unknown. Considering that both moclobemide and desipramine altered the abnormal multimodal activity pattern of LEW rats into a unimodal pattern like that seen in other laboratory rats, it is conceivable that at least some of the abnormal features of activity rhythms in this strain are caused by modifications of the noradrenergic system. In rats, moclobemide, a reversible and highly selective MAO type A inhibitor, increases serotonin ( + 30%) as well as norepinephrine ( + 25%) and dopamine levels ( + 5 OJo) and dramatically reduces all monoamine metabolites ( -80%) (4, 5) . Desipramine inhibits the reuptake of norepinephrine as well as of serotonin at the presynaptic terminals, but the inhibition of norepinephrine is 1,000 times more effective than for serotonin (17, 21) . Moclobemide and desipramine both act in a similar neurochemical way, enhancing noradrenergic transmission. The critical synapses mediating these effects may be located within or in the vicinity of the hypothalamic suprachiasmatic nucleus (SCN), the locus of an identified circadian pacemaker in the vertebrate nervous system (22, 31) . Noradrenergic fibers have been found to build a "capsule" of innervation around the SCN (40) , and at least some SCN neurons are electrically responsive to iontophoreticaUy applied norepinephrine (33) . Further investigations should, therefore, be undertaken to identify the anatomic loci and cellular mechanisms of the effects described in this study.
ln conclusion, the present study found that some antidepressives affect parameters of circadian rhythmicity. However, it could not demonstrate a common effect on all classes of antidepressives. Nevertheless, these substances certainly provide a powerful tool for investigating the neural mechanisms underlying circadian rhythms. The effects of moclobemide and desipramine indicate that level and period of circadian activity rhythms are influenced by the noradrenergic system. Furthermore, the changes these drugs cause in the multimodal activity pattern of LEW rats suggest that the effects of antidepressant agents depend upon the genetic background of animals.
